Abstract -Over the past 10 years, the ability of computers has progressed rapidly, and the techniques of numerical analysis are also improved vastly. The 3-D analysis of electrostatic and magnetostatic fields can be easily carried out on even a workstation, and results obtained contribute to the design and development of new products.
INTRODUCTION
The technical progress in computer and numerical computation enable u s t,o analyze accurately the threedimensional distributions of magnetic fields in electromagnetic devices. Thus, smaller, shorter, thinner and more efficient devices which save materials and energy can be developed within a very short period without any repetitions of trial productions.
In this paper, firstly the recent progress of analysis methods is discussed.
Secondly, some difficult problems to be investigated are discussed. Lastly, the progress of computer technology and its environment to be expected are described.
PROGRESS IN NUMERICAL ANALYSIS

Classification of magnetic fields in electromagnetic devices
The phenomena occurring in electrical machines and electronic equipments can be classified as shown in Table 1 . The figures show the degree of difficulty in the 3-D numerical analysis. The analysis of No.1 to No. 4 is sufficiently practical even if using a workstation and No.5 is only practical using a supercomputer. The "example" in the Table shows the corresponding number of the FELIX[l] and TEAM [2] workshop models and the models of IEE of Japan [3, 4] which are proposed to verify software. Fig.3 shows an example of application to a fuel injector [8] .
The optimal magnetic characteristics (permeability, conductivity, etc.) of materials in the magnetic circuit are examined by numerical analysis.
In the analysis of single sheet testers [g,lO] , the total interlinkage flux Y o with the test specimen is specified. Therefore, the following equat;on (4) should be used instead of Eq.(2).
where 'I' is the interlinkage flux obtained from the calculation.
Although the combination of Eqs.(l) and (4) makes the coefficient matrix asymmetric, it can be solved efficiently [ll] . 
where v and W are the velocity and flux density vectors respectively.
The method using Eq. (5) is superior for transient analysis from the viewpoints of accuracy, CPU time and computer storage. It will be expanded into steady state analysis[l2].
Figs.5-7 show an application to a linear induction motor. The model is simplified from three phases to single one as shown in 
to reduce the CPU time [21, 22] . If the conventional method is used, the solution for the steady state is obtained after a few cycles of transient phenomena as shown in Fig.9 . The dots on the waveform show the points to be analyzed. The new method utilizes the relationship between the vector potentials at instants t and ttT/2 (T:period). When the waveform of a potential is symmetric and periodic with time as shown in Fig.lO, the following 6 times longer than that using the edge element as shown in Table 2 , although these elements show almost the same accuracy [4] . The analyzed results of the magnetostatic model (Problem 13 in TEAM workshop) show that the edge element is more favorable than the nodal element from the viewpoints of the CPU time and the accuracy [20] . Fig.8 shows a magnetic sensor which has a thin shielding case and is excited at a high frequency of 14OkHz. In such a case, the ICCG method is not converged when the nodal element is used. Using the above-mentioned relationship, all points within the interval of a half period are analyzed at the same time. The increase of the computer storage is negligible, and the CPU time can be reduced to less than 1/3 times by using the new method. 
Periodic boundary condition
The periodic boundary condition for 3-D magnetic fields has been introduced[23-25]. There are two kinds of periodic conditions as shown in Figs.ll(a) and (b) . Fig.ll(a) shows the corner joint of laminated transformer core. The geometry and flux distribution are symmetrical with the line 0-0'. Fig.ll(b) shows a twisted multifilamentary superconducting cable. The geometry and the magnetic characteristics are repeated periodically along the axis. Figs.l2(a) and (b) are corresponding meshes. Table 3 compares the computer storage and the CPU time with and without periodic conditions for Fig.ll(a) . The CPU time is decreased to less than 1/2. The magnetic circuits contain often small gaps. Fig.16 shows a reactor with small gap. It can be t,hin, the rlectric scalar potential 0 can be assumed to be constant. in the perpendicular direction. The soral I c~l shic.lding rlcmr.riI ('ail l~ put. at the s h i e l d i n g p l a t e . Table 5 shows the comparison of accuracy between shielding element and conventional element. The CPU time can be reduced to about 2/3 as shown in Table 6 .
The concept of the "expanding element" is similar to above-mentioned special elements [31] .
The (ii) Shielding element
The electromagnetic devices are often shielded by using thin conductors. The magnetic characterist,ics of cores laminated with grain oriented silicon steel are anisotropic. The permeabilities fix, ,uy and u z in respective directions are a function of the magnetic field strengths Hx, Hy and Hz in x-, y-and z-directions. It is very difficult to input such complicated functions in the computer. We need further experimental investigation.
Hysteresis
In the analysis of recording heads, the hysteresis should be taken into account. The mathematical modeling for the 3-D analysis is too complicated.
. 2 Techniques to be expected
W e want a supercomputer with 1000 times faster CPU and larger memory in order to simulate the phenomena 4226 with practically sufficient accuracy. The optimal design of non-linear magnetic circuits with eddy currents would be done by using such a large computer.
The cooperation with the applied mathematicians is welcomed. We should willingly use the software developed by mathematicians, for examples Mathematics and Matlab. The AI(Artificia1 Intelligence), fuzzy and neurocoaputing techniques should be introduced to the pre-and post-processing. The scientific visualization using 3-D color graphic display is also important for the better understanding of the phenomena.
CONCLUSIONS
The establishment of verification systems of accuracy such as the TEAM workshop has contributed to improve the accuracy of software for dynamic fields. The 3-D analysis is absolutely necessary when the eddy current flows in electrical machines such as induction motors. We hope that the 3-D non-linear dynamic analysis of the steady state phenomena will become practical near future.
